Easy to use screening tools to identify mothers in risk of early breastfeeding cessation are needed. The purpose was to validate a revised version of the breastfeeding score, consisting of four questions addressing completed education, earlier breastfeeding duration, self-efficacy, and sense of security not knowing the exact amount of milk the baby ingests. We used two cohorts from 2004 (n = 633) and 2017 (n = 579) to explore the predictive validity of the breastfeeding score to identify mothers at risk of breastfeeding cessation within the first 17 weeks postpartum. The analyses included sensitivity and specificity, clinically relevant cut-points, and calibrations plots. A cut-point ≥5 points identified 61% of first-time and 42% of multiparous mothers in the validation cohort 2017 to be at risk of early breastfeeding cessation with a sensitivity and specificity of 80% and 60% for first-time, and 69% and 82% for multiparous, respectively. The corresponding numbers in the 2004 cohort were almost identical. The area under the receiver operating characteristic (ROC) curves were 0.77 and 0.78 and the calibration plots showed good agreement for the two cohorts. The breastfeeding score indicated good ability to discriminate between mothers at risk of early exclusive breastfeeding cessation. The simple form of the tool makes it easy to use in daily practice.
Introduction
Breastfeeding has been shown to be beneficial for the health of both the mother and infant, not only in the postnatal period, but also later in life [1] . However, breastfeeding rates are still below the recommended in western societies [2] . One third of new mothers experience that establishment of breastfeeding is complicated by early breastfeeding problems [3, 4] . From ongoing Cochrane reviews, we know that professional support in the early postpartum period helps mothers to successfully establish breastfeeding [5] . The challenge is to identify the mothers at risk of early breastfeeding cessation and thus in need of early support. Usable screening tools have to be simple to use in practice and reliable to discriminate between mothers.
Successful breastfeeding depends on multiple factors [6] [7] [8] , and a tool to predict breastfeeding duration should therefore include different kinds of indicators. The challenge is still to establish a link from the risk profile of predictors for early cessation of breastfeeding to a practical tool (index) providing valid information for professionals to initiate preventive efforts. Consensus has not yet been reached on which indicators or indexes are the most reliable. Numerous postpartum screening tools developed during the last decades include behavioral and observational factors connected to breastfeeding [9] ; others include more self-reported psychosocial factors [10] . So far, the tools have primarily been evaluated for construct and content validity and psychometric properties, and, to a lesser extent, for their predictive validity [10] [11] [12] [13] . Moreover, a number of tools are comprehensive and contain a large number of variables, making them less useful in practice [10] [11] [12] [13] . The Breastfeeding
Risk Factors Included in the Breastfeeding Score
Originally, the breastfeeding score included the following four risk factors: duration of schooling, previous breastfeeding experience, self-efficacy concerning breastfeeding, and mother's confidence not knowing the exact amount of milk the baby ingests when breastfeeding [15, 19] . These factors represent information within sociodemographic, pre and perinatal as well as psychosocial domains.
In the current validation, we chose to change the sociodemographic variable from years of schooling to level of education. Originally, we used the distinction between having completed primary or secondary school (high school) [19] . Today, more than 70% finish secondary school in Denmark, and the level of further education is thus more informative. Furthermore, we changed the variable name from confidence to sense of security (not knowing the exact amount of milk the baby ingests when breastfeeding). The variable name was changed primarily to achieve a more descriptive translation of the content of the question and secondly to make a clearer distinction from the self-efficacy variable. The wording of the question (in Danish) was not changed. Thus, the current validation included the following four risk factors: Completed education measured at levels: none, short, skilled, theoretical bachelor, master. Earlier breastfeeding duration measured in weeks: none for primipara, 0-5, 6-17, >17 for multipara. Self-efficacy measured on a five-point Likert scale from very certain to very uncertain. Sense of security not knowing the exact amount of milk the baby ingests measured on a five-point Likert scale from very secure to very unsecure. Questions and their categorization appear from Table 1 .
Statistical Methods
Initially, descriptive analyses of the risk factors in the three cohorts were performed, and Chi 2 tests were used to compare the derivation and validation cohorts, as seen in Table 1 . Next, we used Cox regression analysis to assess the influence of the four risk factors on exclusive breastfeeding cessation in the first 17 weeks postpartum in the derivation cohort. For comparison, data from the two validation cohorts were analysed in the same way. The hazard ratios (HR) estimated the ratio of the cessation rate of exclusive breastfeeding for a given category of the risk factor relative to the cessation rate for the reference category. Integer scores roughly proportional to the log (HR) estimates in the derivation cohort were subsequently obtained for each category of the four risk factors. Finally, for each mother, the breastfeeding score was computed as the sum of the scores for the categories to which she belonged, providing a possible risk score of 0-12 points, as seen in Table 2 . The scoring thus obtained was subsequently validated on the two independently collected dataset to evaluate the robustness of the prediction of the breastfeeding score as suggested by Altman et al. [16, 17] . Table 1 . Characteristics of mothers in the derivation and validation cohorts with complete information on the four questions included in the breastfeeding score. Cox regression analysis of data from 391 mothers with complete information in the derivation cohort, and assigned scores included in the breastfeeding score for each category of the four risk factors. For comparison, the corresponding Cox regression analyses of data from 633 and 579 mothers in the validation cohorts.
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Nutrients 2019, 11, 2852 6 of 12
The two validation cohorts were used to investigate the breastfeeding score's ability to predict maternal risk of early breastfeeding cessation defined as cessation of exclusive breastfeeding before the end of week 17. Subsequently, we used receiver operating characteristic (ROC) curves to explore the diagnostic validity of the breastfeeding score and to identify a suitable cut-point, as seen in Figure 1 . Moreover, the validity of the breastfeeding score was evaluated by calibration plots, as seen in Figure 2 , and analyses, describing numbers and proportions of mothers who stopped breastfeeding within 17 weeks according to their breastfeeding score, as seen in Table 3 . In both validation cohorts, the calibration plot with confidence intervals, as seen in Figure 2 , showed a good agreement between the observed and predicted probability of breastfeeding cessation before the end of week 17 postpartum. From Table 3 , it appears that 80% of first-time mothers and 69% of multiparous mothers with a risk score of 5-19 points stopped exclusive breastfeeding before 17 weeks in the validation cohort 2017. The corresponding numbers for mothers with a risk score of 5-19 points in the validation cohort 2004 were 68% and 70%, respectively. In both validation cohorts, the calibration plot with confidence intervals, as seen in Figure 2 , showed a good agreement between the observed and predicted probability of breastfeeding cessation before the end of week 17 postpartum. From Table 3 , it appears that 80% of first-time mothers and 69% of multiparous mothers with a risk score of 5-19 points stopped exclusive breastfeeding before 17 weeks in the validation cohort 2017. The corresponding numbers for mothers with a risk score of 5-19 points in the validation cohort 2004 were 68% and 70%, respectively. 
Results
In the derivation and validation cohorts, we had 391 (83%), 633 (88%), and 579 (95%) mothers, respectively, with complete information on the included risk factors in the breastfeeding score. Among mothers in these cohorts, 194 (41%), 246 (39%), and 281 (49%) had stopped exclusive breastfeeding within 17 weeks after birth. A comparison of the distribution of the risk factors in the three cohorts showed that the educational level changed over time with an increasing proportion of mothers with a long-term education. Moreover, the age of the mothers at birth increased and fewer were smoking. Earlier breastfeeding duration among multipara only showed minor differences, whereas mothers in the validation cohort 2017 had reported similar levels of self-efficacy and sense of security towards breastfeeding as mothers in the derivation cohort 1999; mothers in the validation cohort 2004 reported slightly higher levels, as seen in Table 1 . Table 2 presents results of the Cox regression analysis in the three cohorts with log hazard ratios quantifying risk of breastfeeding cessation for each category relative to the reference category of the four risk factors. Scores assigned to each category of the four risk factors from the derivation cohort are also shown.
The ROC curves, seen in Figure 1 , illustrate the association between sensitivity and specificity for different cut-points of the breastfeeding score, when mothers in the validation cohorts had been allocated points depending on their replies concerning the risk factors early after birth. The areas under the ROC curves were 0.77 (CI: 0.73-0.81) and 0.78 (CI: 0.74-0.82), respectively, for the validation cohorts from 2004 and 2017. A detailed calculation for the sensitivity and specificity with associated cut-points showed that a cut-point ≥5 gave the highest sensitivity and specificity. A cut-point ≥5 points predicted that 61% of first-time mothers and 42% of multiparous mothers in the validation cohort 2017 had a high risk of early breastfeeding cessation before 17 weeks with a sensitivity and specificity of 80% and 60% for first-time and 69% and 82% for multiparous mothers, respectively. The corresponding numbers for a cut-point ≥5 in the validation cohort 2004 were almost identical, pointing out that 60% of first-time and 41% of multiparous mothers were at risk; sensitivity and specificity were 74% and 53% for first-time mothers and 69% and 72% for multiparous mothers, respectively.
In both validation cohorts, the calibration plot with confidence intervals, as seen in Figure 2 , showed a good agreement between the observed and predicted probability of breastfeeding cessation before the end of week 17 postpartum. From Table 3 , it appears that 80% of first-time mothers and 69% of multiparous mothers with a risk score of 5-19 points stopped exclusive breastfeeding before 17 weeks in the validation cohort 2017. The corresponding numbers for mothers with a risk score of 5-19 points in the validation cohort 2004 were 68% and 70%, respectively.
Discussion
Validation of the revised version of the breastfeeding score in a general population of Danish mothers confirmed its ability to identify new mothers at risk of early breastfeeding cessation. The breastfeeding score combines four risk factors to a simple score. The score showed a high ability to discriminate between mothers with different risks and had a good predictive performance.
The updating of the breastfeeding score with a replacement of the sociodemographic risk factor from completed primary or secondary school to completed level of further education included recalibration of the relative weight of the four risk factors included in the breastfeeding score, as suggested by Moons et al. [18] . The use of retrospective data when testing the performance of the breastfeeding score made it possible not only to compare observed events of early breastfeeding cessation with the prediction from the breastfeeding score, but also to assess the ability of the breastfeeding score to discriminate and calibrate between risk groups and thereby assess the clinical usefulness of the score [18] . Self-reported data on the risk factors used to validate the breastfeeding score were collected early after birth independently of collection of data on the outcome of exclusive breastfeeding. Although mothers generally recall their breastfeeding duration quite accurately [24] , the collection of data on breastfeeding duration by health professionals must be considered more reliable, which was the case in the derivation cohort. The transferability of the breastfeeding score was supported by the validation of the cohort from 2017, consisting of an unselected study population of new mothers living in different geographical areas of Denmark, with a diverse population of mothers reflecting the Danish background population according to age and level of education [25] .
The four included risk factors in the breastfeeding score represented different domains of the multifactorial structure of breastfeeding. Level of completed education contributed with information on maternal sociodemographic background, well-known to influence breastfeeding duration [6] . Previous breastfeeding experience contributed with information on the pre and perinatal period, including first time motherhood and the success of breastfeeding for the multiparous mother expressed by the duration of exclusive breastfeeding of the previous child. Mothers tend to breastfeed for just as long as or a little longer than they did with a previous child [26] . Self-efficacy and sense of security concerning breastfeeding contributed with information on the psychosocial aspects of breastfeeding, which have been shown to be essential predictors of breastfeeding duration [7, 19, 27] . The general self-efficacy towards breastfeeding expressed the mothers' confidence in overcoming any difficulties and achieving success [28] . Thereby, the predictor expressed maternal ability and strengths to overcome early problems and continue breastfeeding. Sense of security towards breastfeeding gathered information about the insecurity many mothers experience when they start breastfeeding. Concerns may be related to having enough milk [29] and getting used to a responsive feeding style with an infant-led approach [30, 31] . Breastfeeding implies to learn how to read the infant's cues on hunger and satiety to have a sense of security because the amount of milk the infant ingests is not visible. The inclusion of predictors from different domains of the multifactorial construct of breastfeeding may explain why the breastfeeding score maintains its predictive ability over time in different populations of new mothers.
The breastfeeding score indicated a high predictive value. The Self-efficacy Scale-Short Form (BSES-SF) has been found to predict the exclusive breastfeeding to 16 weeks in smaller study samples [12, 14] . A direct comparison of the predictive values of the two screening tools are not possible, as we have not been able to find a comprehensive validation of the BSES-SF. The cut-point of five revealed a good ability to discriminate between subgroups by pointing to 60% of first-time mothers and 40% of multiparous mothers to be at risk of early breastfeeding cessation. The outcome of exclusive breastfeeding was determined based on mothers who stopped breastfeeding within 17 weeks, because this is the minimum recommended duration of exclusive breastfeeding according to the European Committees on Nutrition ESPGHAN and EFSA [32, 33] . The relatively high proportion of mothers at risk of early breastfeeding cessation reflected the high proportion of mothers who generally stop exclusive breastfeeding before four months [1] . Cochrane reviews have repeatedly shown positive effects of supporting mothers in the breastfeeding act [5] . The breastfeeding score may ensure that the intervention is addressed to the insecure mothers who wish to breastfeed by pointing to mothers at risk of early cessation and in need for early support. From a public health perspective, it is especially Nutrients 2019, 11, 2852 9 of 12 important to identify the insecure first-time mothers and support them in establishing breastfeeding, considering the association between breastfeeding duration of the first and later infants [27] .
From a practical point of view, the breastfeeding score is easy to use with a simple scoring system, which does not require technical assistance. The breastfeeding score aims to identify women with increased need for additional support when establishing breastfeeding. A short questionnaire can be used to obtain the breastfeeding score as it is based on self-reported questions. An example of a questionnaire is enclosed in Table 4 . Because the breastfeeding score is self-reported, any health professional with an interest in identifying mothers in need of additional support when establishing breastfeeding can use the score. The time after discharge to home is the optimal time to screen the mother, since at that time she has experiences with breastfeeding and is therefore able to answer the questions more reliably in relation to her experiences. Table 4 . Practical application of the breastfeeding score. The written postpartum questionnaire for mothers.
The purpose of the questions is to give you the breastfeeding guidance that meet your needs
Just enter a number or cross in the box that best suits your situation
Basic information
ofessional often knows the educational level of the mother in advance, but less about the mothers' periences with and expectations to breastfeeding. When used in a Danish setting, health visitors scribe the questions included in the screening tool as suitable to initiate and open a dialogue about w mothers experience breastfeeding and create basis for further guidance on areas of importance. oreover, the simple scoring system connected to the answers of the questions makes it easy to lculate the mother's score. A practical application with a key for reading the score is enclosed in ble 5. A cut-point of five will identify the first-time mother who expresses a low level of self-efficacy sense of security towards breastfeeding, and, likewise, the multiparous mother with previous short eastfeeding experience. To prove these benefits, the breastfeeding score needs further process aluation among health professionals using the breastfeeding score in their daily practice in fferent settings. The validation of the breastfeeding score was carried out in Denmark, a country with a wellucated population and a long tradition for initiating breastfeeding after birth and for breastfeeding r a relatively long period of time [34] . There is no reason to believe the questions included in the eastfeeding score will be understood or perceived differently in other western societies with a lture similar to the Danish; however, additional studies are needed to confirm the prognostic value using the breastfeeding score in other settings. Table 4 . Practical application of the breastfeeding score. The written postpartum questionnaire for mothers. The breastfeeding score is an addition to the health professional's own assessment. The health ofessional often knows the educational level of the mother in advance, but less about the mothers' periences with and expectations to breastfeeding. When used in a Danish setting, health visitors scribe the questions included in the screening tool as suitable to initiate and open a dialogue about w mothers experience breastfeeding and create basis for further guidance on areas of importance. oreover, the simple scoring system connected to the answers of the questions makes it easy to lculate the mother's score. A practical application with a key for reading the score is enclosed in ble 5. A cut-point of five will identify the first-time mother who expresses a low level of self-efficacy sense of security towards breastfeeding, and, likewise, the multiparous mother with previous short eastfeeding experience. To prove these benefits, the breastfeeding score needs further process aluation among health professionals using the breastfeeding score in their daily practice in fferent settings.
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The purpose of the questions is to give you the breastfeeding guidance that meet your needs
Just enter a number or cross in the box that best suits your situation The breastfeeding score is an addition to the health professional's own assessment. The health professional often knows the educational level of the mother in advance, but less about the mothers' experiences with and expectations to breastfeeding. When used in a Danish setting, health visitors describe the questions included in the screening tool as suitable to initiate and open a dialogue about how mothers experience breastfeeding and create basis for further guidance on areas of importance. Moreover, the simple scoring system connected to the answers of the questions makes it easy to calculate the mother's score. A practical application with a key for reading the score is enclosed in Table 5 . A cut-point of five will identify the first-time mother who expresses a low level of self-efficacy or sense of security towards breastfeeding, and, likewise, the multiparous mother with previous short breastfeeding experience. To prove these benefits, the breastfeeding score needs further process evaluation among health professionals using the breastfeeding score in their daily practice in different settings. Table 5 . Practical application of the breastfeeding score. Key for reading the score.
When the mother has completed the questionnaire, her answers are converted into a total score. The individual questions are awarded points according to the system below.
Completed vocational education none / short / skilled 1 bachelor / master 0 Previous breastfeeding experience None, first-time mother 3 0-5 weeks 6 6-17 weeks 4 >17 weeks 0
Self-efficacy with respect to breastfeeding Medium to very uncertain, 1-3 3 Certain to very certain, 4-5 0
Sense of security not knowing the exact amount of milk the baby ingests
Is not true, 1-2 2 Is fairly-exactly true, 3-5 0
The points are added up to a total score Overall score: 0-5 = mothers are offered standard care Overall score: 6-19 = mothers are offered additional support during establishment of breastfeeding
The validation of the breastfeeding score was carried out in Denmark, a country with a well-educated population and a long tradition for initiating breastfeeding after birth and for breastfeeding for a relatively long period of time [34] . There is no reason to believe the questions included in the breastfeeding score will be understood or perceived differently in other western societies with a culture similar to the Danish; however, additional studies are needed to confirm the prognostic value of using the breastfeeding score in other settings.
Conclusions
The breastfeeding score, consisting of four risk factors representing the sociodemographic, perinatal, and psychosocial domains of breastfeeding, showed a high predictive value and a good ability to discriminate between mothers at risk of exclusive breastfeeding cessation before 17 weeks postpartum. Both the temporal and external validation of the breastfeeding score supported the predictive value of the four questions asked shortly after birth. The construction with a simple score connected to the answers of the four questions makes the breastfeeding score easy to use in daily practice.
